The problem of convection in a concentric annulus between an outer square cylinder and an inner circular cylinder is studied in this paper. The fluid in the porous annulus is a water-based nanoliquids containing Titania nanoparticles. The governing equations have been solved numerically by Finite Element Method (FEM). It is found that the convective flow of nanoliquids were smaller than the convective flow of 2284 Rado Yendra, Habibis Saleh and Elfira Safitri pure liquid at all cylinder size. Smaller inner cylinder had weaker heat transfer rate for the all nanoparticles volume fractions.
Introduction
Analytical, numerical and experimental methods were applied to study a natural convection in a porous annulus. The complex domains such as studied in this paper where the annulus between a square outer cylinder and a circular inner cylinder might be not solved analytically. Different annulus configuration had solved numerically by [1] . They found that the heat transfer almost stagnant with changing the cylinder diameters. Spinning a concentric circular inner cylinder was studied by [2] . The cylinder rotation was found to increase the heat transfer and fluid circulation.
The porous annulus studied in this paper is filled with nanoliquids. In engineering, nanoliquids refer to nanometer-sized particles dispersed in a base liquid having relatively low thermal conductivity like water in order to obtain a liquid with improved thermo-physical properties. Several publications were found for natural convection in porous enclosures filled with nanoliquids, such as [3] , [4] , [5] , [6] and [7] .
Mathematical Formulation and Solution
A schematic diagram of a concentric annulus between an outer square cylinder and an inner circular cylinder is shown in Fig. 1 . The flow inside the porous medium is assumed to obey Darcy law. The convective liquid and the porous medium are in local thermodynamic equilibrium. The properties of the liquid and those of the porous medium are homogeneous and isotropic. Liquid properties are constant except the variation of density with temperature. The liquids in the enclosure is a water-based nanoliquids containing Titania nanoparticles. The Boussinesq approximation is employed and homogeneity and local thermal equilibrium in the porous medium is assumed. It is also assumed that nanoparticles are suspended in the nanoliquids using either surfactant or surface charge technology. The basic continuity, momentum, and energy equations can be written as: 
where u = v = 0 on the walls and cylinder. The boundary conditions for the temperatures are:
The governing equations above can be written in terms of the stream function ψ defined as u = ∂ψ/∂y and v = −∂ψ/∂x. The resulting non-dimensional forms of the governing Eqs. are:
The values of the non-dimensional stream function are zero on the walls and cylinder. The dimensionless boundary conditions for the temperatures are: Θ = 0 on outer walls Θ = 1 on inner cylinder surface
The dimensionless governing equations along with the boundary conditions are solved numerically by the finite element method built-in COMSOL Multiphysics. In this study, mesh generation the anulus is made by using triangles.
The triangular mesh calibrates for fluid dynamics condition. Several grid sensitivity tests were conducted to determine the sufficiency of the mesh scheme and to ensure that the results are grid independent. We use a finer mesh sizes for all the computations done in this paper.
The rate of heat transfer is computed at inner wall expressed in terms of the local surface Nusselt number (N u) as:
where η is the angular location. The surface-averaged Nusselt number (N u) on the hot circular wall is evaluated as
Results and Discussion
The development of convective flow in the annulus such as the formation of the eddy pattern and corresponding heat transfer were carefully investigated according to various inner cylinder diameter. The Rayleigh number values is fixed at Ra = 500. Figure 2 shows the effects of the cylinder size, on the flow circulations and thermal distributions. The flow circulates and temperature distributes near the relative small cylinder and upper region of the annulus. Two eddy pattern are formed above the cylinder for pure liquid or φ = 0.0. The flow and thermal structure of pure liquid has a mirror symmetric pattern about the vertical center line of the annulus. Tripple upwelling plume with unsymmetrically shape are observed at the R = 0.025. The convective nanoliquids flow are smaller than the convective pure liquid flow at all cylinder size. Figure 3 illustratestes heat transfer rate against nanoparticles concentration for various cylinder size. The heat transfer rate enhaces linearly by adding the titania nanoparticles concentration for the considered cylinder radius. Smaller inner cylinder has weaker heat transfer rate for the all nanoparticles volume fractions.
Conclusions
The present numerical study investigates the natural convection induced by a temperature difference between a cold outer square enclosure and a hot inner circular cylinder. The dimensionless forms of the governing equations are modelled and solved using the built-in FEM of COMSOL Multiphysics software. The flow field depends on the inner cylinder size and the nanoparticles 
